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Abstract

A central concern for insurance markets is the possibility that limits to the ability
to classify risk will lead to problems of adverse selection. This study investigates this
issue in the context of California’s residential earthquake insurance market. I first
show that there is substantial variation in underlying seismic risk within areas where
the semi-public insurer, the California Earthquake Authority (CEA) charges the same
rate. I find clear evidence that this limited geographic risk classification leads to adverse
selection: people living in higher-risk areas are more likely to take up CEA earthquake
policies, all else equal. This finding raises the possibility that limited classification
leads to inefficiencies in the earthquake-insurance market. However, the true extent
of the inefficiency depends on how individuals respond to finer pricing. To investigate
that issue, T compare the patterns of take-up from private earthquake insurers, who
use finer geographic rigsk classification schemes. My results are on average consistent
with the prediction that finer pricing mitigates the positive correlation between risk and
demand. However, the effects of finer pricing show heterogeneity across regions. Overall
it appears thaf limited risk classification by the CEA does not severely undermine the

efficiency of the market.

*Xiao (Joyce) Lin is a PhD candidate at the School of Business, University of Wisconsin - Madison.
Email: xlin9@wisc.edu. Telephone: 608-695-9433. '



1 Introduction

Adverse selection is a key concern for insurance markets. Under asymmetric information,
the bad risks drive out the good risks, and markets could unravel (Akerlof, 1970). One
way to deal with it is to offer different contracts and let consumers self-select (Rothschild
and Stiglitz, 1976); Another way is through active risk classification by insurers.! Risk
classification however, induces equity concerns when individuals face the risk of being clas-
sified unfavorably, and having to pay higher premiums, or be uninsured as a result. This
efficiency-equity trade-off of risk classification has been discussed extensively both in theory
and empirically. The overall welfare implications of risk classification are ambiguons.? In
reality, governments often ban the use of certain information in underwriting out of fair-
ness concern. One of the most debated examples is the pre-existing condition exclusions
in health insurance in the U.S.* In catastrophe insurance markets, similar debates exist:
whether insurance rate should be risk-based, or whether it should be more heavily regulated
and uniformly-priced.? In order to determine how finely insurers should classify risks, we
need to understand whether people react to private information that is not priced in the in-
surance contracts; and then if they do, to what degree can a more finely tuned classification
scheme help improve the market efficiency.

'This study considers the nature of selection issues and how they interact with risk classifi-
cation in the market for residential earthquake insurance in California. The dominant insurer

here is a semi-public organization called the California BEarthquake Authority (CEA). The

1For example, in auto insurance industry, insurers typically price based on driver age, car type, zip-code,
and so on.

For theoretical work, see Crocker and Snow (1986, 2010). They state conditions under which classification
increases or decreases social welfare. For empirical work, see Harringfon and Doerpinghaus (1993) for a
discussion of the efficiency consequences of rate classification restrictions in auto insurance industry; and
Buchmueller and DiNardo (2002) on the topic of community rating and death spiral in health insurance
markets.

SInsurers use pre-existing condition exclusions to deal with adverse selection concerns that only the sickest
individuals buy health insurance. But the majority of Americans (eight in ten) favor a requirement that
insurance companies insure people even if they suffer from pre-existing conditions (Source: Kaiser health
tracking poll, September 2009. Washington, D.C.: Kaiser Family Foundation).

4Picard (2008) argues theoretically risk-based pricing Pareto-dominates uniform-pricing. However, em-
pirical evidence of cross-subsidized rates and loss of efficiency is documented in the property insurance and
flood insurance market in the U.8. (Nyce and Maroney, 2011; Cazjkowski et al., 2012). Government or
regulators are especially reluctant to allow rates to increase: After the 2004 hurricane seasons in Florida,
regulators have rejected the majority of insurers’ requests to increase rates in coastal areas, citing concerns
that the spikes in rates in some areas would be too high and not affordable for homeowners, although the
rates were claimed to be justified by updated catastrophe models.



CEA uses a rather coarse geographic risk classification by drawing only 19 rating territories
across California. Jaffee and Russell {2000) argue that the CEA rates are tempered due
to political reasons and marketing concerns. As a consequence, worries arise about adverse
selection in California’s earthquake insurance market. Such worries are even more profound
since there is no mandate on earthquake coverage for Californian homeowners.® If adverse
selection exists and results in market inefficiency, then can the market condition be improved
should insurers price more finely? To address this question, I consider the market dynamic
between the public insurer (the CEA) and the private competitors who use finer geographic-
risk-classification schemes. Whether the private insurers are able to get a better risk pool has
implications for how much the efficiency loss due o limited classification could be alleviated
by finer pricing.

To answer the above empirical quéstions, I utilize a dataset obtained from the California
Department of Insurance consisting of zip-code level counts and coverages of homeowners’
policies sold by CEA participating insurers vs. policies sold by non-CEA insurers, and those
of earthquake policies sold by the CEA vs. policies sold by non-CEA insurers. In addition,
I collect seismic risk data from the U.S. Geological Survey, and gather rate information on
the CEA and other private underwriters from public filings with the California Department
of Insurance.

I first investigate the pricing strategy of the CEA. The CEA is subjected to certain rate
regulation, which requires actuarially-sound rates, but discourages too much rate discrim-
ination.® I analyze quantitatively to what extent the CEA prices are based on underlying
seismic risk, and to what degree cross-subsidization exists. My findings are that on average,

the territory-level prices are risk-based and high correlation exists between CEA rate and

5A mandate is a powerful tool to eliminate adverse selection, and is often coupled with underwriting
restrictions. For example, the individual mandate requires indivuals to purchase health insurance or pay a
fine. Among other economists, Johathan Guber is an advocate of the individual mandate: “The health care
reform could not work without requiring everyone to buy insurance... any alternative imposes much higher
costs on those buying insurance in the new health insurance exchanges as the healthiest opt out and the less
healthy face increased premiums.” Another example is the National Flood Insurance Program (NFIP), which
requires federally-regulated mortgage lenders to purchase flood insurance for property required or developed
in Special Flood Hazard Areas (SFHAs) (Michel-Kerjan, 2010).

5California Insurance Code (2005) Section 10089.40 (b): Scientific information from geologists, seismol-
ogists, or similar experts shall not be conclusive to support the establishment of different rates...unless...it
is not, the intent of the legislature in adopting this subdivision to mandate a uniform statewide flat rate for
California Earthquake Authority policies. {¢): The classification system established by the board shall not
be adjusted or tempered in any way to provide rates lower than are justified for classifications that present
a high risk of loss or higher than are justified for classifications that present a low risk of loss.



territory-average seismic risk; however, there is substantial risk variation within areas where
the CEA charges a constant price. This evidence of cross-subsidization leaves us wondering
whether people who live in higher-risk areas will be more likely to purchase the CEA policies,
all else equal.

In order to test for evidence of adverse selection, I focus on the take-up rates of the CEA
policies” by individuals with different risk but faced with the same price. In my demand
function, I control for a host of sociceconomic and demographic factors, most of which affect
demand in the way expected: areas with higher median home value, or a higher education
level, are generally associated with higher take-up rates. For the main independent variable
of interest, the seismic risk measure, | find a strong positive correlation between the zip-
code level seismic risk and the zip-code level take-up rate of earthquake insurance within a
CEA territory. The magnitude of the coefficient signifies strong evidence of adverse selection
against the CEA: an increase in risk level roughly equivalent to a doubling in expected loss
1s associated with a 7 percentage point increase in the CEA take-up rate, which represents
an approximately 70% increase from the current statewide take-up rate of about 10%. This
suggests the possibility of efficiency loss relative to the scenario where price segmentation is
perfect and people with different risks purchase policies with different prices. Acknowledging
that people act on the information that is correlated with risk level and that is not priced
by the CEA, further disentangling the sources of that information, is important because
it has different implications for how the market would change if insurers would price at a
finer level. Ideally, we would run an experiment of how people react to finer pricing. This is
difficult in reality as it is quite impossible that the CEA suddenly changes its pricing strategy
dramatically. However, the coexistence of the CEA and private insurers allows us to partly
answer those questions.

The private insurers represent about 25% of California’s residential earthquake insurance
market. They generally use finer risk classification shemes. For example, GeoVera and
Chartis, the 2°% and 3" players® in California’s residential earthquake insurance market,
both have their rates varied at a more granular level than does the CEA. The opportunity
for private market to “cherry-pick” lower-risk homeowners from the CEA was brought up

long time ago by an official at the California Department of Insurance {CDI}, who wrote,”

"Defined as the number of CEA earthquake policies divided by the number of CEA participating insurers’
homeowners’ policies.

¥Source: California Department of Insurance P&C Market Share Reports.

?Quote from the email correspondence between the CDI and GeoVera documented in the rate filings by
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The CEA territories are very crude. They start out with rates based on expected costs
in a particular zip-code, then lump together contiguous zip-codes in a sometimes arbitrary
process. The highest loss cost territories are then lumped together with lower cost territories
to bring the highest indicated rates down. 'This provides a tremendous opportunity for
GeoVera and the other private companies to select the lower cost risks..”

To test the speculation of the private insurers getting a better risk pool than the CEA,
I compare the demand patterns for these two types of insurers. I then compose a ratio
variable to capture the results of such comparison. The variable is created using CEA’s zip-
code level earthquake market shares divided by its territory-averages: A ratio of 1 throughout
a territory means that the CEA captures the same proportion of market everywhere within
the territory, a higher ratio signifies a relative higher demand for the CEA policies. This
measure makes it easy for interpretation: A positive slope of the ratio vs. risk means
that the CEA has relatively larger market shares in high-risk areas. I find that the CEA’s
earthquake market shares are on average positively correlated with risk levels. As such, the
evidence is consistent with the prediction based on finer risk classification by private market.
However, heterogeneity exists among different areas: the slopes of the risk-share correlation
varies among territories, and not all of the territories have positive slopes. The fact that the
CEA’s earthquake market share is not uniformly positively related to risk could suggest other
important drivers of demand beyond price and expected loss. Some possible explanations
could be that homeowners’ risk levels are positively correlated with risk preferences {or any
characteristics that drive up the demand for earthquake insurance but unobserved in the
data), or that homeowners only engage in very limited comparison shopping when buying
carthquake policies. Another explanation is from the insurers’ perspective: the insurers may
have employed other marketing tactics that are unrelated to risks. For example, the private
insurers may focus more on higher-end homeowners because of a higher profit margin. In
fact, this possibility seems confirmed by summary statistics which show that the coverage
amount for house structure is on average higher for a private policy than for a CEA policy.

My study informs debates about government’s role in risk classification in catastrophe
insurance markets. Catastrophe insurance markets are characterized by strong government

interventions.!’ Those markets often involve cross-subsized rates {Kunreuther and Michel-

GeoVera in 1998.
0Paudel (2012) conducts a comparative study of catastrophe insurance systems in ten countries; In the
United States, Kousky {2011} summarizes 10 state insurance programs; Klein (2008, 2009) discusses the



Kerjan, 2009; Nyce and Maroney, 2011). In both the flood insurance market in the U.S. and
the earthquake insurance market in Japan, cross-subsidizations are found to be associated
with adverse selections (Czajkowski et al., 2012; Naoi et al., 2007 and 2010). Czajkowski et
al. (2012) propose that hypothetical private insurers could do better at pricing, alleviating
the adverse selection inefficiency. But none of the previous studies have looked at a real-world
market where both public and private sectors exist. My study bridges the gap. 1 confirm
that the himited classification used by the public insurer causes adverse selection in the sense
of a positive risk-demand correlation. The private market seems to be getting a better risk
pool, but the patterns are not uniform and not very strong, suggesting potentially limited
efficiency gains from finer risk classification.

Methodology-wise, my choice to use “objective risk” in the adverse selection test differs
from the standard coverage-risk correlation test. The standard test uses ex-post claims as
proxies for risk types (e.g., Chiappori and Salanie, 2000).1t By using objective risk directiy,
I avoid ambiguities of deductibles (or “pseudo-deductibles”) and moral hazard issues, which
makes for a cleaner test. In my case, the informaftion setting is also quite unique: the
insurers should have more information on seismic risk than the buyers do, but they just do
not use all that informafion in pricing. The situation discribed in the paper is similar in
spirit to the Finkelstein and Poterba (2004} paper on adverse selection evidence from the
U.K. annuity market, where insurers collect extensive information related to an annuitant’s
survival probability but use only age and gender in determining the price.

Lastly, my study adds to the catastrophe insurance demand literature by emphasizing
the role of objective risk. On the demand for catastrophic insurance, empirical research has
found that it is generally price-inelastic (Athavale and Avila, 2011; Latourrette et al., 2010;
Kunreuther and Michel-Kerjan, 2009), that it is significantly affected by income (Browne
and Hoyt, 2000}, and that it can be affected by mandatory requirement (Kriesel and Landry,
2004}, subsidized rates, or guarantee fund provisions (Grace, Klein, and Kleindorfer, 2004),
but not affected by information disclosure (Palm, 1981 and 1992). Another aspect of the
literature considers how demand is more closely related to risk. Browne and Hoyt (2000)

use flooding experience to proxy “risk perception”, and find its effect on insurance demand

politics and regulations in Florida’s homeowners’ market

WThere are a few studies that have used other proxies for risk type. For example: Browne {1992) uses
predicted claims instead of realized ex-post claims; some health literature uses subjective measurement such
as self-evaluated health condition.



significant. Relatively few studies use “objective risk” in their demand analysis.'> Even
when they do, they generally do not have much variation in risk measure, and cannot isolate
the risk variation from insurance price variation.'” My study contributes to the existing
literature by having enough risk variation (my dataset encompasses all areas in California
and has risk measure at the zip-code level), and further isolating objective risk from all the
other factors, price in particular.

The remainder of this paper proceeds as follows. In the next section, I offer background
information on the California Earthquake Authority (CEA). Section 3 describes the data
used in this study. Section 4 gives results. Last, Section 5 concludes and discusses directions

for future study.

2 Background

California is highly vulnerable to earthquakes, as it sits on multiple fault lines, including

t.** Historically, eight out of ten of the most

the most famous and active San Andreas faul
costly earthquakes (based on estimated current exposures) in the United States happened
in California. (Sources: U.S. Geological Survey and California Geological Survey.) Not
surprisingly, California has the largest earthquake insurance market in the U.S, with $1.6bn
of direct premiums written in 2010, topping the second and third states's by a large margin.
(Sources: Swiss Re and Insurance Information Institute. )

After the 1994 Northridge FEarthquake, many insurers suffered big losses. After reevalu-
ating their earthquake exposures, they decided that they could not risk selling earthquake
policies any more. But because of the mandatory offer law in California,'® they could not

simply stop selling earthquake coverage without exiting the homeowners’ market entirely. In-

L Farlier surveys on earthquake insurance demand by Kunreuther et al. (1978) and Palm (1995) show
that “objective risk” is an insignificant predictor of demand in their survey responses. This may be due to
a limited geographic risk variation in their suvey sample.

B Athavale and Avila {2011) use only 5 categories of “objective risk” in the entirely State of Missouri.
They find that insurers have taken that risk variation into account for pricing. Therefore, they have not
examined whether “objective risk” still affects demand holding price constant.

M The San Andreas fault runs through the northern and southern parts of California. Other noticeable
faults include the Newport-Inglewood fault in Southern California and the Hayward fault in Northern Cali-
fornia.

5The state of Washington ranks second, and has $142 million direct premiums written in 2010. Missouri
is the third, with $87 million direct premiums written in 2010.

16See Zanjani (2008): “California has a “mandatory offer” law, dating from 1985, requiring that earthquake
coverage be offered along with homeowners insurance.”
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surers lobbied to repeal the mandatory offer law, but failed. Subsequently, 90 percent of the
insurance companies either stopped offering new homeowners’ policies or placed restrictions
on selling them (Roth Jr., 1998). The homeowners’ insurance market in California suddenly
became almost non-existent. The California Farthquake Authority (CEA) was established
by lawmakers to take over earthquake exposures and to restore the homeowners’ market. It
became operational at the end of 1996. The CEA is a publicly managed, largely privately
funded organization. As a publicly managed organization, its board members consist of the
Governor, the Treasurer, and the Insurance Commissioner or their named designees. On the
other hand, its funding comes almost entirely from private sources, including start-up cap-
ital contributions from participating insurers (exempt from federal and state income taxes,
and state premium tax), additional assessment on the industry, a layer of reinsurance, some
revenue bond, and a further contingent policyholder assessment. The CEA’s claim-paying
capacity is claimed to he over $9bn.t7

The CEA represents a public-private partnership. Private insurers participate in the
CEA program on a voluntary basis. Insurers holding roughly 70% of the California home-
owners market joined the CEA (Jaffee and Russel, 2000). To date, there are 20 participating
insurers.”® A participating insurer agrees to offer CEA earthquake coverage to its home-
owners’ policyholders, with the effect that earthquake risk becomes the responsibility of the
CEA. Policies are serviced and claims are adjusted by the participating insurance companies
in conjunction with their basic homeowners’ policies. The CEA reimburses the participating
companies for distributing and servicing the policies.

CEA policies are only available to the customers of participating insurers. The CEA’s
“basic” policy of 1996 featured coverage corresponding to the statutory minimums. The
policy limit on structural coverage (coverage A} should be the same as that of companion
homeowner’s policy, and a deductible of 15% applied to the coverage A. The limit on con-
tent coverage (coverage C) is $5,000, and the coverage limit on loss of use is $1,500. The
CEA started offering supplemental coverage in 1999. The supplemental policy increases the
maximum contents coverage limit to $100,000 and the maximum loss of use limit to $15,000;

it also offers the option of a lower deductible of 10% on structural coverage.

http:/ /www.earthquakeauthority.com/. There has been some recent issnance of catastrophe bonds, as
well as legislative efforts by the CEA to get federally guaranteed funding {Catastrophe Obligation Guarantes
Act of 2009, H.R. 4014).

¥Tnsurers participate on a group basis. At the time of this study, there were 19 participating insurers. A
complete list of CEA participating insurers can be found at http://www.earthquakeauthority.com.



The CEA divides California into 19 rating territories based on different levels of seismic
risk. Rates are further based on the year built and type of construction (wood-frame or
not), story (one- or multi-story), and use of property (homeowners, renters, condominiums,
or mobile homes)."

Although a majority of residential earthquake risk was effectively transferred to the CEA
within a year of its inception, a significant and growing private fringe remained outside the
CEA. An insurer that sells homeowners’ policies in California can choose to stay independent
from the CEA, as long as it fulfills the mandatory offering law and manages the earthquake
exposure that comes with its homeowners business. Alternatively, an insurer can be a spe-
cialist in the earthquake business, in which case, it underwrites and manages its own and
only carthquake exposures. To summarize, the earthquake insurance market in California
consists of the CEA, the non-CEA homeowners’ insurers, and the earthﬁ]u&k&} specialists.
The latter two types of insurers form the private market. The coexistence of the public and
private underwriting persists today.

Despite the formation of the CEA and the continuing efforts by insurers, regulators, and
policy makers, earthquake insurance take-up rates have fallen to a low point after the 1994
Northridge earthquake. Statewide, the take-up rate was about 10 percent in 2009, compared
to 36 percent in the year after the Northridge earthquake (Marshall, 2009). LaTourrette
et al. (2010) suggest that the high prices, uncertain risk, and the long recurrence interval
between events are likely to be contributing factors to the low demand. But there has been
very few systematic analyses on the nature of demand and the earthquake insurance market
in California, except the earlier surveys by Kunreuther et al. (1978) and Palms (1989-
1995). In this study, the author intends to bridge the gap by using recent years’ statewide
data on earthquake insurance purchase, and to bring new insights to the current residential

earthquake insurance market in California.

3 Data

This study utilizes data from several different sources, including the California Department
of Insurance {(CDI), the Census Bureau, and the U.S. Geological Survey (USGS). Because

the insurance policy data from the CDI are at the zip-code level, all other data are joined

Unformation from public filings of rate manmals, available at the California Department of Insurance
website: http://www insurance.ca.gov/.



at this level as well, which will be the unit of observation of this study.

3.1 Insurance Policy Count and Coverage Data

Zip-code level policy count and coverage data serve as our source of dependent variables
that represent insurance demand. Every two years, the California Department of Insurance
(CDI) tallies the number of policies written by every insurer that sells homeowners policies in
California.®® Individual insurers’ data are aggregated for all companies at the zip-code level,
and also specifically for CEA participating insurers. At the zip-code level, the information
on policies written by the two groups includes: a count of homeowners’ policies, the total
value of coverage A (coverage limit for home structures) of homeowners’ policies, a count of
earthquake insurance policies, and the total value of coverage A of earthquake policies. Such
data arc available for the vears 2005, 2007, and 2009. Please note that only homeowners’

2l are included in this study, any renters, condominium, mobile home, or dwelling

policies
fire policies are excluded.

Table 1 provides basic summary statistics on counts of homeowners’ and earthquake
policies in California for the years 2005, 2007, and 2009. Statistics are further broken down
by CEA and non-CEA insurers (their market shares are in the parenthesis). Table I also
displays three sets of take-up rates. The CEA take-up rate is defined as the number of
CEA earthquake policies divided by the number of CEA participating insurers’ homeowners’
policies;** the non-CEA take-up rate is the number of non-CEA earthquake policies divided
by the number of non-CEA homeowners’ policies; and the overall take-up rate is the total
number of earthquake policies (both CEA and non-CEA) divided by the total number of
homeowners’ policies (both CEA and non-CEA).

In 2009, there were about 5.88 million homeowners’ policies written in California, of
which 74.5% were written through CEA participating insurers. In the same year, there were

803,797 earthquake policies written in the entire state, of which 72.4% were CEA earthquake

policies. From 2005-2009, the number of earthquake insurance policies written and the take-

Pnsurers with written premiums of at least $5 million in 2009.

Dncluding ISO standardized forms HO1, HO2, HO3, HO5, and HOS.

22Ty he accurate, the CEA does not sell homeowners’ insurance, but CEA participating insurers do. So the
CEA’s homeowners’ policy count refers to the homeowners’ policies sold by its participating insurers. In the
rest of the paper, including tables and graphs, “CEA homeowners’ policy” is short for CEA’s participating
insurers’ homeowners’ policy.

10



up rate of earthquake policies among homeowners in general delined.®
[Insert Table 1 here]

Table 2 provides summary statistics on the dollar amount of coverage limit for home
structure (coverage A). The data is again divided into CEA and non-CEA insurers. The table
reveals several interesting facts: first, the average coverage limit for home structure is always
higher for earthquake policies than for homeowners policies, implying that homeowners with
higher-valued homes are more likely to take up earthquake policies. Second, homeowners’
policies’ home structure coverage limit is on average lower for CEA participating insurers
than for non-CEA insurers. Third, the same pattern is true as regards to earthquake policies,

and the gap in coverage limit values is even bigger between CEA and non-CEA insurers.
Insert Table 2 here]

Table 3 provides summary statistics by zip-codes. Policy counts (for both homeowners
and earthquake policies), as well as take-up rates, are calculated for the overall market, the
CEA, and the non-CEA insurers, respectively. The distributions of take-up rates among zip-
codes are generally right-skewed, shown by higher means than medians and a few extreme
values. Comparing the take-up rates of different insurers, the non-CEA insurers’ take-up

rates are on average higher than the CEA insurers’.

[Insert Table 3 here]

3.2 Geological Data

Constructing seismic risk measures at a relatively fine geographic level is essential to this
study of homeowners’ demand for earthquake insurance. I obtain geological data from the
U.S. Geological Survey {USGS). Their website (http://earthquake.usgs.gov) contains exten-
sive public information about earthquakes.

A set of seismic hazard maps are developed under the USGS National Seismic Hazard
Mapping Project (NSHMP ). The maps incorporate information on potential earthquakes and

associated ground shaking and are derived from science and engineering workshops involving

X Except for the CEA from the year 2005-2007,
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hundreds of participants. These national seismic maps represent the current assessment of
the “best available science” in earthquake hazards estimation for the United States {Petersen
et al., 2008).

The underlying data files for those maps contain rectangular gridded data in 0.05-degree
increments in longitude and latitude, starting from a northwest point at 50°N 125°W and
ending at a southeast point at 24.6°N 65°W (over the conterminous 48 States). For every
gridded geographic point with longitude and latitude values described above, a ground mo-
tion value** is assigned, given a certain exceedance probability (such as 10% in 50 years).
The ground motion value can either be under certain spectral acceleration, or be the Peak
Ground Acceleration (PGA).?® Figure 1 shows the underlying seisimic risk variation defined
by those PGA values across California. In order to get a set of ground motion values at the
zip-code level to match with the rest of data set for this study, I calculate the geographically

weighted average PGA for each zip-code later.

3.3 Census Data

I extract zip-code level variables from the U.S. Census Bureau, and link them to the zip-
code level insurance data. These census variables describe the population’s demographic
and socioeconomic profiles. It’s useful to include them in my regression models for two
reasons. First, they are important control variables, because they might be correlated with
both insurance purchase and objective risk (my main independent variable), in which case
the estimate of the objective risk coefficient will be biased. Second, they have economic
interpretations on their own. For example, it is interesting to find out whether and how
much education level affects homeowners’ purchase decision of earthquake insurance.

Table 4 provides summary statistics of demographic and socioeconomic characteristics
by zip-code. The list of census variables includes population, population density, median

age, median household size, gender proportion, racial composition, percentage of household

24The ground motion units are in g where 1g = 980.5cm/s?, which is the acceleration due to Earth’s
gravity.

2°During an earthquake, ground acceleration is measured in three directions: vertically (V or UD, for up-
down) and two perpendicular horizontal directions (H1 and H2), often north-south (NS} and east-west {(EW).
The peak acceleration in each of these directions is recorded, with the highest individual value often reported
(PGA). In an carthquake, damage to buildings and infrastructure is related more closely to ground motion,
rather than the magnitude of the earthquake. For moderate earthquakes, PGA is the best determinant of
damage; in severe earthquakes, damage is more often correlated with peak ground velocity.
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with children (under 18 years old), percentage of adult population (over 25 years old) with a
bachelor’s degree or higher, median household income, and the median owner-occupied home
values. There are wide ranges of variations for most of these variables. For example, the

th percentile for a zip-code’s median honsehold income are, respectively,

25" percentile and 75
about $43,000 and $77,000. And the 25 percentile to 75" percentile for a zip code’s median
home value ranges from about $246,400 to $574,000. Such variations in explanatory variables

are essential to the estimates of the regression models described later.

[Insert Table 4 here]

3.4 Insurers Rating Schemes and Menus

The insurance premium data come from insurers’ rate manuals, which are public information
in California, and can be downloaded directly from the CDI website.?® Table 5 lists the CEA’s
historical rates from 1999 to 2007.%7 For a basic earthquake coverage, there are in total 19
different rates based on the 19 CEA territories holding fixed housing characteristics. The
rates for most territories have decreased quite dramatically, especially from 1999 to 2005.
A geographic representation of the CEA territories is also shown in Figure 1. By just eye-
balling, there are obvious cases where different levels of risk arc lumped together into one
single territory, such as Territory 27. Territory 27 expands to include the majority part of

California (except the coastal areas).
[Insert Table 5 here]

Next to the public insurer CEA, the 2" and 3" largest earthquake insurance underwriters
are, respectively, GeoVera and Chartis. I summarize their rating procedures in Table 6.
Besides differences in rating schemes, insurers also provide different policy forms and different
coverage menus. Table 6 also lists the policy forms, coverage, and deductibles of these three
insurers. In contrast to the CEA’s 19 rating territories, both GeoVera and Chartis are basing
their rates on more finely divided geographic units. Especially GeoVera, who has pricing

variations even within a zip-code. It is almost impossible to provide an exhaustive list of

26http://interactive. weh.insurance.ca.gov/warff /index.jsp _
?Tn this period, there are 3 complete rate filings, with 3 major across-the-board rate changes. In the
meantime, the CEA has filed other changes to either part of their products, policy forms, or minor revisions.
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the earthquake policy rates for GeoVera, but I will illustrate its finer price-risk correlation

in the next section.

4 Results

4.1 Geographic Risk Classification for Earthquake Risk in Cali-

fornia

In this section I show in specifics how the CEA, and one of its major private competitors,
GeoVera, classify risks geographically. | construct zip-code level PGA values by geograph-
ically weighting the original PGA data which come in grids of 0.05-degree increments in
longitude and latitude. I then use the zip-code level PGA value as my unit of measure of
objective risk, and investigate its relationship with the CEA rate and GeoVera rate respec-
tively.

Although PGA can be a close proxy for objective risk, it is unlikely to be the only
input in any catastrophe models. In reality, earthquake insurers have been using much more
sophisticated catastrophe risk models provided by providers such as RMS and EQECAT.?®
Those models take into account other factors that also correlate with expected losses: for
example, house structure, soil type, distance to fault line, liquefaction potential, and so on.
I use PGA as the single selsmic risk measure for simplicity and practical reasons. To see
whether the CEA rates are risk-based at the territory level, I plot the CEA base rates (based
on 2007 rate manual) versus PGA. There are 19 territories, and within each territory, I weight
the zip-code level PGA values by the number of CEA policies in that zip-code to get the
policy-weighted PGA for that territory. The scafter plot in Figure 2 displays a very strong
positive correlation between CEA’s rates and a given territory’s policy-weighted average
PGA. The relationship is almost linear with an R-square of 80%, meaning that the CEA
is probably basing rates on a model closely tied to the PGA values.® This is significant

because if the rates are on average risk-based, then a relatively uniform rate suggests a

28 According, to the rate manuals of several earthquake insurers in California. Sometimes insurers may also
blend the outputs from different catastrophe models to get final estimates on expected loss.

#% According to the CEAs rate manuals, the relationship between its base rates and expected loss estimated
from catastrophe models is linear, multiplying the latter by a constant “loss cost multiplier”. The multiplier
is & gross representative of risk financing cost. (mainly the cost of reinsurance}, commission, tax, and operating
expenses, but without underwriting profit, since the CEA is required by law to be a nonprofit organization.
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cross-subsidization from the lower-risks to the higher-risks.
[Insert Figure 2 here]

Proceeding demonstrated that the CEA’s territory rates are related to average PGA,
next, I explore whether the territory is a fine enough unit to price the geographic risk
variation. Ideally, if the CEA does a good job to classify risks by drawing territories, it is
expected to pool homogenous PGA values together into one territory. To see how the CEA’s
existing territories divide risks, I generate a set of boxplots of PGA distributions for those 19
territories, as shown in Figure 3. Figure 3 tells us that the risk levels still vary wildly within
a territory. A single territory can have wide PGA distribution, and different territories often
have overlapping PGA ranges. This adds to the evidence that the CEA may not have enough

pricing variations, and that there is cross-subsidization of risks within ferritory.
[Insert Figure 3 here]

Last, I look within the CEA territory, and investigate whether GeoVera prices differently
where the CEA charges a flat rate. And if so, whether GeoVera’s rates are risk-based, that
is, further correlate with PGA at least at the zip-code level. I pick GeoVera for a case study
because it is the 27¢ biggest player in California’s carthquake insurance market, and it has
relatively detailed rating information available to the public. Based on GeoVera’s rating
manual, theofetically, there are 49 possible combinations of base rates for houses with the
same characteristics and located within the same zip-code.®® I calculate the average of all
possible rates for each zip-code. Figure 4 shows a set of scatterplots of the zip-code level
GeoVera rates vs. PGA values by CEA territory. For all of the CEA territories, there are

obvious positive correlations between GeoVera’s rates and PGA values.
[Insert Figure 4 here]

To summarize, the CEA rates are on average risk-based at the territory level, but there is
large risk variation within a CEA pricing territory, which raises possibilies of adverse selection
by the CEA policyholders. In comparison, (GeoVera uses finer geographic-risk-classification
schemes, and its prices further correlate with risk levels within a territory where the CEA

charges the same rate.

HFach sip-code can fall into any one of the seven MMI bands, and any one of the seven GeoVera territories,
resulting in 49 (7 by 7) combinations of rates.
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4.2 Demand for CEA Earthquake Insurance
4.2.1 Geographic variation in earthquake insurance demand

Before proceeding to regression analysis on the determinants of demand for earthquake
insurance and the issues of adverse selection, I first present some results in graphics.

Figures 5-7 show geographically how the CEA take-up rates vary across California. Each
unit on the map represents a zip-code. Zip-codes are most concentrated in the Greater Los
Angeles Area (IMigure 6) and the San Francisco Bay Area (Figure 7), the two most densely
populated arcas in California. As we can see, across the State, areas along the coast tend to
have higher take-up rates of CEA earthquake policies. In addition, a few inland zip-codes
(in the more sparsely populated desert area) also have relatively high take-up rates.

To explore whether the demand for CEA policies correlates with underlying risk, holding
price fixed, I plot the CEA take-up rates against the PGA by territory. Figure 8 shows a set
of 19 scatter plots of the CEA take-up rate vs. PGA by CEA territory, where each scatter
plot consists of zip-codes within one territory, and each zip-code has a size proportional to
the total number of homeowners’ policies in that zip-code. Zip-codes in the same scatter plot
are faced with the same CEA rate, despite the variation in their individual risk level. For a
lot of territories, there appears to be some patterns of positive correlation between risk and
demand, as shown by the upward sloping fitted lines (the fitted lines are based on weighted
least square equations). Though for a few others, no obvious patterns exist, maybe because

some territories {e.g., Territory 4) have too few observations.
[Insert Figure §]
{Insert Figure 9]

Figure 9 shows the risk-demand relationship for territory 27 (the largest CEA territory)
on a map. PGA values are represented by a color ramp consists of a range of colors from
green (low-risk) to red (high-risk). Hatched areas represent above median CEA take-up rates
within a particular territory. The positive correlation between PGA and take-up rate is quite

obvious, further confirming a positive risk-demand correlation.

16



4.2.2 Regression Framework

The previous section has explored the relationship between risk and demand through graph-
ics. This section provides a more rigorous regression analysis. The main purpose here is to
see whether the correlation between risk and demand still stands atter controlling for other
covariates that affect demand.

To answer the empirical question on the demand for earthquake insurance, the following

form of regression model is considered:

Demand for CEA Earthquake Policies = By + [ (Objective Risk)+ SyLn (Home value)
+ BzLn (Income) + By (Demographic characteristics) + B { Territory) + ¢

The main model is estimated using the take-up rate of CEA policies as the dependent
variable.® Observations are at the zip-code level. Regression models are estimated based
on a weighted least square method, with the number of total homeowners’ policies being the
weight for each zip-code.*

The main independent variable of interest is Objective Risk (PGA ), which is a set, of prob--
abilistic estimates of seismic activities based on scientific models. This is a direct measure
of risk type. If the coefficient 4; turns out significantly positive, then it is consistent with
the prediction from adverse selection. This however, does not imply asymmetric informa-
tion: it is unlikely that the insurer (the CEA) does not have the information on buyers’ risk
types; instead, it simply does not use this information in pricing, due to marketing concern,
political pressure, or regulatory requirement. On the other hand, although homeowners are
unlikely to outwit insurers or catastrophe modeling firms in turns of earthquake science,
they are probably to some degree knowledgeable of their home location’s underlying seismic
risks, through mass media, neighbors, home insurers, real estate agents (especially when
the information disclosure law applies), or other experiences that make them aware of their
vulnerability to earthquake hazards. This knowledge could become homeowners’ “private
information” when insurers are restricted in their ability to use information to classify rigks.

Among other explanatory variables, Ln (Home value) is the logarithm of median owner-
occupied home value in a zip-code. Ln {Income; is the logarithm of median household

income in a zip-code. Demographic characteristics refer to zip-code characteristics such as

3lan alternative dependent variable is the CEA coverage A take-up rate.
32An alternative is to use the number of CEA homeowners’ policies as the weight for each zip-code.
Author’s calculation shows that using this alternative weighting scheme barely changes results.
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measures of education level, average household size, racial composition, etc. Territory is
a set of dummy variables indicating which territory a zip-code lies in according to CEA’s
rating manuals. Since territory is the only location factor that the CEA uses for pricing,
this variable will capture price effect and other variations across territories.®® In alternative
versions of the main regression model, I interact these Territory dummies with PGA values,

to allow for different slopes of risk-demand correlation in different territories.

4.2.3 Regression Results

‘Table 7 reports the weighted least square estimates for demand for earthquake insurance

measured by the CEA take-up rate.
[Insert Table 7}

Objective Risk: The coefficient of PGA is highly significant and consistent in signs and
magnitude (around 0.35) across different models. Every territory has a PGA range of at least
0.2, and a coefficient of 0.35 equates the 0.2 change in PGA with a 7 percentage point change
in take-up rate. Considering that the current median CEA take-up rate in California is about
10%, a 7 percentage point increase represents a 70% increase in the current take-up rate,
therefore is quite substantial. To see more intuitively what a 0.2 change in PGA means in
terms of change in expected loss: based on the scatter plot in Figure 2 and assuming a linear
relationship between PGA and CEA rate, an increase of 0.2 in PGA roughly corresponds
to an increase in the CEA base rate of $1.25 per $1,000 coverage. The current average
CEA base rate is about $1.23 per $1,000 coverage,®® so an increase of 0.2 in PGA is roughly
equivalant to doubling the CEA base rate, or doubling the expected loss.?® To summarize,
a coefficient of 0.35 means that the take-up rate could increase by 70% for an increase in
PGA of 0.2 (which is a common range of risk variation within a CEA territory), which is

equivalant to doubling the current expected loss.

33The advantages of using dummy variables instead of numerical price valies are: it relaxes the assumpiion
of a linear relationship between price and demand; it also accounts for differences in housing structures across
territories that affect the average price in that territory.

52A CEA policy charges a base rate from as low as $0.36 in the lowest-risk territory to as high as almost $3
in the highest-risk territory per $1,000 coverage. The author calculated that the policy-weighted state-wide
average rate of a basic CEA policy is about $1.23 per $1,000 coverage.

33the CEA rate is proportional to expected loss, illustrated in its rate-making data sheet in the rate
manual.
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Home Value: The results show that a zip-code’s median home value has a positive effect
on earthquake insurance demand in that area. A coeflicient of 0.09 means that, all else
equal, for a 1% increase in median home value, the take-up rate of earthquake policies will
increase by 0.09 percentage points. Or, for a fypical zip code with a median home value
of $200,000, if the value increases by 20% to $240,000, then the take-up rate of earthquake
insurance increases by 1.8 percentage points.

Income: The effect of an area’s median household income is negative after controlling for
other variables such as median home value, which is a little counterintuitive. One possible
interpretation would be that holding home value constant, higher income households have
higher sense of security, resulting in lower demand for insurance. On the other hand, income
and median house value are highly correlated (with a Pearson’s correlation coefficient of
about 0.7), the presence of collinearity may be another reason that causes the income variable
to be negative. According to the regression estimate, a coefficient of -0.06 means that, all else
equal, for a 1% increase in median household income, the take-up rate of earthquake policies
will fall by 0.06 percentage point. Or, for a typical zip code with a median household income
of $50,000, if the income increases by 20% to $60,000, then the take-up rate of earthquake
insurance would drop by 1.2 percentage points.

Education (Percentage of Population over 25 Years Old with At Least a College Degree):
'The education variable is significant and consistent across different models. A coefficient of
0.2 means that, for every 1 percentage point increase in the ratio of population (Age25 or
older) with at least a college degree, the take-up rate increases by 0.2 percentage points. For
a typical zip-code where 20% of its population (Age 25 or older) has at least a college degree,
if that ratio increases to 25%, then the take-up rate of earthquake insurance would increase
by 1 percentage point. We observe that this education ratio ranges from 0% to 100% among
all the zip-codes in California; thus, the take-up rate can differ by many as 20 percentage
points, holding other factors constant.

Other Demographics: The racial composition variables are not significant, and neither is
the Age variable. An area’s population density is significant, displaying a positive effect on
insurance demand. The Gender variable indicates that the higher the female population, the
lower the demand, which contradicts prior research about females being more risk-adverse.
The magnitude matters moderately here - with the majority of zip-codes’ female proportion

fall into the range of 47% to 52%, the take-up rate varies by 1.5 percentage points, all
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else equal. Household size seems to be negatively related to take-up rate. A coeflicient of
-0.03 means that, if the median household size of a zip code increases from 2 members to
3 members, then the take-up rate of earthquake policies will drop by 3 percentage points.
Since most household sizes range from 2 to 4 people, the variation in take-up rate is about
6 percentage points, all else equal.

Territory: These variables capture territory fixed effects including price effects. Most of
them are highly significant, and the signs generally point in the direction that price has a
negative effect on demand. Some of the magnitudes appear to be very large {a 20 percentage
point difference in take-up rates for some territories}, reflecting the vast heterogeneity among
territories. .

Tables 8 is estimated including interaction terms of Territory dumimies and PGA. Inter-
action terms-allow for different effects of PGA on demand among territories. The differences
seem quite substantial: the effects of PGA on take-up rate in Territory 27 is particularly
large: a coeflicient of 0.75 translates into a 15 percentage point increase in CEA take-up rate
for évery 0.2 increase in PGA value. On the other hand, not all territories have significantly

positive signs for the PGA variable, such as the case for Territory 12 and 13.%6

4.3 Comparison of Demand for CEA and Private Earthquake In-

surance
4.3.1 Geographic variation in the relative demand for CEA policies

If the major public insurer CEA is selected against because of its coarse classification and
cross-subsidized rates, then can a finer pricing structure mitigate the positive risk-demand
correlation observed in the case of the CEA? Although we cannot suddenly change the
way the CEA classify risks, we can compare the demand for CEA and private earthquake
insurance to see that whether the private sector gets a better risk pool through finer risk
classification. Figure 10 includes two sets of risk-demand relationship for each territory. The
solid lines are the hest fitted lines for the risk-demand correlation of the CEA; the dashed
lines are the best fitted lines for that of the non-CEA insurers. '

[Insert Figure 10 here]

3The author also has tried alternative models for robustness check, using the CEA coverage A take-up as
dependent variable. Results change very little, and that the effects of PGA on demand measured by coverage
amount, is on average slightly larger. Similar heterogeneity exists when estimated including interaction terms.
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Next, I compose one variable to reflect the comparison of demand. T define CEA’s
earthquake market share as the CEA policy counts divided by all earthquake policies sold
(= ##Zi E}f‘ﬁ fj::ggﬁ:ﬁf 52}:2’1‘;’) I then calculate CEA’s earthquake market share at the zip-code
level and the average of those for each of the 19 territories. Finally, the variable I create

S e N o CEA’s earthguake market share 37 T : :
is called CEA EQ share (_ territory average of the CEA’s earthguake market share)' How this variable

changes within territory implies how the demand in private sector varies compared with that
for the CEA. Figure 11 plots the CEA EQ share variable against the PGA by territory, and
shows the risk-share correlations. For a few territories, the slopes tend to be positive, telling
a seemingly consistent adverse selection inefficiency story: given that the private insurers
price lower for the below-average risks, and higher for the above-average risks_ within a CEA
territory, they seem to get relatively larger share of the below-average risks, and relatively
smaller share of the above-average risks.?® On the other hand, the pattern is not uniform for
all territories. Questions remain if such relationship holds after controling for other factors,

and if the heterogeneous correlation patterns point to a different story.

[Insert Figure 11 here]

4.3.2 Regression Framework

To provide a more rigorous analysis, the following form of regression model is considered:

Relative Demand for CEA Earthquake Policies = By + 51(Objective Risk)
~+B2(CEA HO market share)+8sLn (Home value)+51Ln (Income 405 (Demographic characteristics)
+ Bo{ Territory) + ¢

37 Another potential variable to measure the relative demand for CEA. earthquake insurance s called CEA

X o # of CEA earthquake policies/# of total earthquake policles . o . y
share (_ # of CEA homeowners’ policies/# of totzl homeowners’ pglicies)’ which is the ratio of the CEA’s carthquake

insurance market share to the CEA participating insurers’ homeowners market share, which is also the ratio
of the CEA take-up rate to the overail market {including hoth the CEA and the private sector) take-up rate.
A ratio of 1 means that the CEA captures the same propertion of homeowners as other private earthquake
insurers do. A higher ratio signifies a relative shift in demand towards the CEA policies among homeowners.
The CEA share variable takes into account the additional variation in CEA participating insurers’ home-
owners market share compared with the CEA £Q share variable. But the CEA EQ share variable has more
straight forward interpretation, while the variation in CEA participating insurers’ homeowners market share
can be accounted for in regression models later.

38The author also tried plotting the CEA share variable against the PG A by territory to show the risk-share
correlations. The figures look quite similar to those in Figure 11.
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The main model is estimated using the CEA E() share as the dependent variable (an
alternative dependent variable is the CEA share). The same sets of model specifications
are estimated as in the Demand for CEA earthquake Insurance section, and the same set of
independent variables and observations are used, only adding one more independent variable
CEA HQO market share. This variable is to account for the possibility that the CEA’s
earthquake market share is partly driven by its participating insurers’ homeowners market

share.

4.3.3 - Regression Results

Table 9 reports the weighted least square estimates of coefficients. The only consistently
significant coefficients are the Objective Risk Measure (PGA) and the CEA participating

insurers’ HO market share.
[Insert Table 9]

Objective Risk: The coefficient of PGA is significantly positive, with a maginitude around
0.28. This is saying that for a 0.2 difference in PGA, CEA earthquake market share relative
to territory average will change on average 0.056. Since the lowest territory average is 54.10%
(Territory 12) and the highest is 81.64% (Territory 11}, the CEA earthquake market share
will vary by about 7 to 10 percentage points. This is not a substantial size compared with
the current statewide CEA earthquake market share of about 75%.

CEA participating insurers’ HO market share: This variable is significantly positive,
meaning that in areas where the CEA participating insurers capture more homeowners’
insurance market, the CEA will have larger earthquake insurance market share as well,
which is not surprising, since homeowners typically shop their home insurance first, and
then weighing the options for an additional earthquake coverage. On the other hand, the
variation in CEA participating insurers’ homeowners’ insurance market cannot explain all of
the variation in CEA’s earthquake insurance market share, and the coeflicient of PGA stays
significant even after we control for this HO market share variable.

Table 10 estimates models with interaction terms between Territory dummies and PGA
to allow for different slopes. Not all territories have significantly positive slopes, meaning that

while the claim of the private market getting a better risk pool than the CEA is confirmed
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on average, there is heterogeneity across different areas.®® This futher implies that a finer
pricing does not necessarilty result in efficiency improvement, probably because homeowners’
purchase decisions are affected by other factors besides a comparison of expected loss and
price. While what those factors exactly are is a question beyond the scope of this paper,
possible answers could be people’s risk preference, their awareness of earthquake risk, and

influences by the marketing efforts of some insurers.

5 Conclusion and Discussion

This study investigates the consequences of limited risk classification by the semi-public
insurer CEA in California’s earthquake insurance market: how the limited risk classification
interacts with selection from the homeowners, and to what extent limited classification causes
inefficiencies. 1 first show that the CEA offers highly cross-subsidized rates, which raises
concerns about adverse selection and consequent, inefficiency issues.

I then find evidence of adverse selection against the CEA in the sense that people who live
in riskier areas are more likely to buy CEA policies, all else equal. The earthquake insurance
take-up rate could increase by as many as 7 percentage points, if the risk level increases by
0.2 PGA (which is roughly equivalent to a doubling in the current average expected loss).
This indicates that people use information that is not priced by the CEA to inform their
purchase decisions, resulting in the higher-risks buying more insurance than the lower-risks.
However, whether this clear positive risk-demand correlation indicates significant efficiency
loss is not clear. If such observed demand pattern is due to other factors that correlate
with both risk levels and insurance purchase decisions {(e.g. risk preference: if people who
live in seismically active areas tend to be more risk-averse), then homeowners may not be
responsive to finer pricing schemes at all.

In order to understand the nature of the private information in this setting, and how
people Would react to finer price segmentation, I compare the demand for the CEA policies
vs. private policies. The hypothesis of the private insurers getting a better risk pool than the

CEA by using finer geographic-risk-classification schemes is confirmed on average. However,

*9For robustness check, models with CEA share as dependent variable are also estimated (in such models,
CEA participating insurers’ HO market share is no longer an independent variable, since it has been ac-
counted for as the denominator of the dependent variable). The results on average tell a very similar story,
models with interaction terms also show similar heterogeneity as in Table 10.
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heterogeneity exists such that some areas do not have the expected demand pattern at all.
The heterogeneity seems to suggest potentially limited efficiency gains through a finer pricing.
Possible explanations include limited comparison shopping by homeowners, heterogeneity in
underlying risk preferences, and different marketing tactics employed by the insurers.

The policy implications from this study can be extended to other types of markets where
risk classification is limited. The function of a competitive private sector depends on the na-
ture of demand, and the intervention of government programs should find a balance between
equity gains and efficiency loss.

In the future, it may be worthwhile to quantify the efficiency loss due to limited risk
classification here. It would also be interesting to explore reasons that consumers do/don’t
respond to finer risk classification, and to investigate what causes the geographic heterogene-
ity observed in this study. Another future study could focus particularly on investigating
how risk perceptions toward disasters are shaped through experience, and how consumers
use and update that piece of information in their insurance purchase decision. After collect-
ing multiple years of earthquake insurance policy count data, some longitudinal study could

also be conducted to understand the change in take-up rate.
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Table 1: Total Policy Counts by Year

2005 2007 2009
Grverall Homeowners Policies 5,817,236 5,821,557 5,879,965
CEA Homeowners Policies 4,431,046  (76.2%) 4,418,387 (75.9%) 4,380,782 (74.5%)
nonCEA Homeowners Policies 1,386,190 (23.8%) 1,403,170 (24.1%) 1,499,183 (25.5%)
Overall Earthquake Policies 807,660 805,083 803,797
CEA Earthquake Policies 590,357  (73.1%) 593,228  (73.7%) 582,0m8  (72.4%)
nonCEA Barthquake Policies 217,303 (26.9%) 211,855  (26.3%) 221,722 (27.6%)
Overall Earthquake Policy Take-up Rate™ 13.88% 13.83% 13.67%
CEA Earthquake Policy Take-up Rate™* 13.32% 13.43% 13.29%
nonCEA Earthquake Policy Take-up Rate*** 15.68% 15.10% 14.79%

Note: These are counts of policies written in California during & particular year (not policies in-force).

The percentage values in parenthesis are corresponding market shares for the CEA insurers and
the non-CEA insurers.

*The overall earthquake policy take-up rate is the number of total earthquake policies (both CEA
and non-CEA) divided by the total number of homeowners' policies {both CEA and nen-CEA).

**The CEA earthquake policy take-up rate is the number of CEA earthquake policies divided by
the number of CEA homeowners’ policies.

***The non-CEA earthguake policy take-up rate is the number of non-CEA earthquake policies
divided by the number of non-CEA homeowners’ policies.
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Table 2: Average Coverage A($) by Year

2005 2007 2009
Overall Homeowners Coverage A 273,450 322,085 355,283
CEA Homeowners Coverage A 263,872 307,888 337,683
nonCEA Homeowners Coverage A 304,070 366,786 406,712
Overall Earthquake Coverage A 335,297 403,750 462,270
CEA Farthquake Coverage A 303,817 350,320 391,078
nonCEA Earthquake Coverage A 420,819 553,362 649,164

Note: These are average coverage limit for home structure {coverage A)
among all policies written in California during a particular year
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Table 3: Summary Statistics of Policy Counts and Take-up Rates by Zip-code

Standard

Mean Deviation  Min* Median Max
Overall Homeowners Policies 3,594 3,474 11 2,576 16,674
CEA Homeowners Policies 2,678 2,594 4 1,926 13,015
nonCEA Homeowners Policies 9i8 1,037 0 593 7,111
Overall Earthquake Policies 491 658 0 202 4,947
CEA Farthquake Policies 356 465 0 147 3,729
nonCEA Earthquake Policies 136 244 b 47 2,268
Overall Earthquake Policy Take-up Rate 12.84% 10.97%  0.00% 9.86% 69.29%
CEA Earthquake Policy Take-up Rate 12.38% 10.25%  0.00%  9.50% 54.55%
nonCEA Earthquake Policy Takeup Rate  15.56% 2L.70%  0.00%  9.00% 450%**

Note: The observations are 1636 zip-code areas. Only the cross-sectional data in 2009 is used.
*Zip-codes that have fewer than 10 total homeowners policies are deleted from the final datases.
**There are 21 zip-codes with a take-up rate for non-CEA policies larger than 1. The reasons

for this is that some of the households may have their homeowners’ policies with one of
the CEA participating insurers, but purchase non-CEA earthquake policies

29



Aoarng AJUNIUIIIOY) UROLISWY TI0Z-A007 ‘nEBaIng snsua) ‘G [ 90IN0g
‘seare epoo-diz gegT SIP SUOITRATSSO a1 290a]

000°000°T  QOBPIR  CEO'PLS  00Z'ZL8  SLE'O0FPE  OSP'GAT  000'GT  116°CER (g) sewo pardnong-1aum) JO SnjBA HEBIPS]
CEROVE TEG'R6  SPO'AL FRAAS LT8'CE  E£9E€ 00S'C 6.9'T9 {g) amoouy proyesnoy weIpey
001 ¥ LG T0F ¥¥e %L gl 00 L'RT Q&u mmuwwﬂ @mmmoo 8BS Y Uis ﬁﬁo SIBaL G7 J2A0Q QOEGASQO& mo mm.@uﬂmu.Hm&
NQN N@m mom Nvﬂ ﬁNm ﬂ.@N e'0 L Q&u ﬁﬁo mh,m.mnw mH hmﬁﬁﬁ Q@HUZQO ﬂﬁ? FIOU=ssnoH Jo wm.ﬁuﬂwumhm&
9T L% 111 0 o1 90 00 06 (%) wemsy jo ofeyme0iag
AR {07 o' L1 L0 &0 o0 ¥ G&v Qﬁuﬁmﬂﬁd‘ ﬁdo_hﬁ#w 0 v_uzﬂ.m jo wm_.mﬁumu‘ﬁmnﬁ
646 668 el o) 4704 7'Te 1'6€ g'c 029 (%) sdoag a1ryp Jo aBwiusorad
£86'0¢ 629°6 0L0°G €8 79 o1 0 L88°¢ sy arenbg 194 uonpendog
L6l 128 o1 708 58P 89 01z L6F {9) erewoyg jo e¥eiuaniag
z'g Le T LT e7 1z £1 BT 921G P[OYISNO URIPal
) e0g gap 6'8% 1°gg 1°6G L6 968 o5y uweIpely
678501 11624 $R9'08 S¥6°8T 299'7 T62 ¢e 60422 uoryeindo g [810L
X8I %06 %84 wHpal %47 90T uLpy R S[qELTBA

ap00-dr7, AQ $OTISIIDORILY) OTUIOU0I9-010G pur orydRIBOWS(] JO SO1ISTIR}G ATRWWING F S[(8],

30



Table 5: CEA Policy Base Rates (Per $1,000)

CEA Rates Zip-code Counts Population
2007 | 2005 | 1999

Territory 5 | 2.97 | 2.64 | 3.95 15 589,670
Territory 4 | 2.97 | 2.64 | 3.95 4 124,174
Territory 8 2.60 | 254 | 2.95 12 561,002
Territory 22 | 2.31 | 2.19 | 3.30 145 4,573,183
Territory 2 1.96 | 2.12 | 3.95 15 265,982
Territory 11 | 1.88 | 1.88 | 2.00 24 706,251
Territory 6 1.85 ] 1.91 | 1.65 98 2,729,267
Territory 12 | 1.83 | 1.81 | 3.75 45 1,665,539
Territory 23 | 1.77 | 1.67 | 2.80 19 604,702
Territory 256 | 1.74 | 1.72 | 1.50 25 126,989
Territory 26 | 1.42 | 1.39 | 2.00 33 906,002
Territory 20 | 1.34 | 1.27 | 1.95 40 780,120
Territory 24 | 1.31 ] 1.23 ] 1.43 69 335,807
Territory 7 | 1.27 | 1.25} 2.10 276 10,072,615
Territory 13 | 1.18 1 1.12 | 2.10 14 434,666
Territory 15 | 0.98 | 0.99 . 1.50 24 480,299
Territory 19 | 0.90 { 0.90 | 2.80 16 381,936
Territory 27 | 0.41 ¢ 0.41 | 0.80 726 11,374,384
Territory 18 | 0.36 | 0.38 | 0.85 36 449,012

Total Zip = 1636 | Total Population = 589,670

Note: These rates are for a 1-level, wood-frame house, built after 1990
Base rates apply to policies with the base coverage limit and 15% deductible
Territories are sorted by order of rates
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Figure 1: PGA and CEA territories. PGA values are classified into 20 levels, represented by 20
colors produced by a graduant. The categories do not necessarily have equal intervals. The larger
the PGA value (from red to green), the riskier an area is. 19 CEA territories boundaries are drawn
and numbered (note that the munbers do not range from 1 to 19).
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Figure 2: CEA rates vs. PGA by territory. The territory-level PGAs are calculated as a weighted
average of zip-code-level PGAs. The weights are the number of CEA policies in each zip-code. The
CEA rates are for policies with base limit, the same as those in Table 5.
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Figure 3: PGA Distributions by the CEA Territory. Each boxplot represents PGA distributions

in one CEA territory, so that there are in total 19 boxplots. Territories are ranged by their median
PGA values.
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Figure 4: GeoVera Rates vs. PGA by the CEA Territory. Territories are ranged by total popu-
fation. Fach dot represents a zip-code.The size of a zip-code is proportional to the total number
of homeowners’ policies in that zip-code. The fitted line is weighted by the size of each zip-code
(weights also based on the number of total homeowners’ policies).
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Figure 5: CEA take-up rates in California. Zip-code level CEA take-up rates range from 0 to
55%. These take-up rates are classified into 10 categories, represented by 10 colors produced by
a graduant from green to red. Green zones have the lowest take-up rates, and red zones have the
highest take-up rates. The categories do not necessarily have equal intervals. They are drawn with
the idea that each category has similar number of observations (zip-codes). Though some categories
still have significantly fewer observations than others.
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Figure 6: CEA take-up rates in the Greater Los Angeles Area. This is a zoom-in map from Figure

5.
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Figure 7. CEA take-up rates in the San Francisco Bay Area. This is a zoom-in map from Figure

Legend
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Figure 8 CEA take-up rate vs. PGA by Territory. Each plot represents one territory. Each dot
represents a zip-code. The size of a zip-code is proportional to the total homeowners’ policies in
that zip-code. Y-axis is CEA take-up rate, x-axis is PGA. The scales for all the plots are the same.
The fitted line is weighted by the size of each zip-code (weights are based on the number of total
homeowners’ policies.)
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Figure 9: CEA take-up rate vs. PGA correlation maps. Hatched areas represent above median
take-up rate in that territory. PGA (the risk level} is defined by color ramp from green (lowest
risk) to red (higher risk). Territory 27 occupies a entire map since it’s the largest territory. Other
territories are grouped into 5 remaining maps by their geographical vicinity.
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Figure 10: Comparison of demand for CEA and non-CEA by Territory. Y-axis is take-up rate,
x-axis is PGA. The solid line is the hest fitted line for the risk-demand relationship of the CEA.
The dashed line is the best fitted line for the rigk-demand relationship of the non-CEA insurers.
The fitted line is weighted by the size of each zip-code (weights are based on the number of fotal
homeowners’ policies.)
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Figure 11: CEA EQ share vs. PGA by Territory. Each plot represents one territory. Each dot
represents a zip-code. The size of a zip-code is proportional to the.total homeowners’ policies in
that zip-code. Y-axis is CEA EQ share, x-axis is PGA. The scales for all the plots are the same.
The fitted line is weighted by the size of each zip-code (weights also based on the number of total
homeowners’ policies.)
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